Abstract-Due to problems of slow response speed and complex mechanisms, the application of variable stiffness joints is limited. The variable stiffness element can be divided into the part with variable stiffness and the part with adjustable external force point. The variable stiffness part adopts the lever principle and changes the stiffness of the joint by changing the length of the lever arm. The external force adjustment part adopts the two-stage four-bar mechanism, which transforms the gravity of the object into the horizontal movement of the slider on the guide rail. The response speed of the unit is greatly improved by the use of the pure mechanism. It is ensured that the stiffness of the variable stiffness unit can be adjusted at the same time with smaller size and a wide range of stiffness adjustment. Based on the elbow joint, a bionic variable stiffness unit is proposed. It can automatically change the stiffness according to the different grasping of a weight, which is same as the human arm. On the basic of/According to the derivation of the Variable Stiffness Unit mathematical model, the three-dimensional model of the Variable Stiffness unit is drawn.
INTRODUCTION
With the continuous development of robot technology, traditional robots have been unable to meet the needs of people. In applications where robots are in close contact with people, such as medical, service, military, robots need to work together with people to complete some works. In this environment, the contact between human and robot becomes more and more, and safety becomes more and more important. A traditional robot with high precision and high rigidity is no longer the primary goal that people pursue.
In order to solve these problems, the concept of variable stiffness joints is put forward. Variable stiffness joint is realized by applying the elastic elements to the joint. Compared with traditional robot joint, it can automatically change the stiffness of the joint according to the external environment requirements, which greatly improves the flexibility and the impact resistance of the joint. The variable stiffness joint has the advantages of low energy consumption, simple program, and fast response. Hence, it has been gradually accepted by people.
In VSA-I [1] , VSA-II [2] , AMASC [3] , QA-Joint [4] , FSJ [5] , BAVS [6] , VS-Joint [7] and other variable stiffness joints, the stiffness of the joint is changed by changing the spring preload. Because the direction of the force needed to change the joint stiffness is consistent with the direction of the force generated by the spring deformation, the load force is consistent with the direction of the stiffness adjustment force, and the energy consumption is large.
In AWAS-I [8] , AWAS-II [9] , Compact-VSA [10] , HVSA [11] and other variable stiffness joints adjust the stiffness of joints by leverage principle. In this way, the load force is perpendicular to the direction of stiffness adjustment, and the requirement of a stiffness adjustment motor is reduced and energy consumption is small.
In AVSER [12] , VsaMGR [13] , VSJ [14] , VSR-Joint [15] and other variable stiffness joints use a leaf spring to change the stiffness of the joint by changing the extended length of the leaf spring. Due to limitations of the structure, the adjustment range of the stiffness in this method is small.
In PVSJ [16] and TSA [17] change the stiffness of joints by changing the position of the force points on the torsion springs. This method has a large range of stiffness adjustment, but the space utilization rate is low.
At present, most of the variable stiffness joints require two motors to control the joint output position and the joint stiffness. To realize the real-time control the stiffness of the joint, this method relies on complex control algorithms and a large number of sensors to detect changes in the external environment at all times. The response speed of the joint is severely limited by the bandwidth. Aiming at the existing problems of variable stiffness, a new type of variable stiffness unit is proposed. It needs only one motor to drive the unit. The stiffness of the unit is automatically adjusted according to the gravity of the weight grasped. The unit size is greatly reduced while the stiffness of the unit is ensured. The response speed of the unit is greatly improved with the use of the pure mechanism.
II. MECHANISM RESEARCH OF VARIABLE STIFFNESS UNIT
From a biological point of view, when people do not need to grab a heavy object, the arm is in a relaxed state and its stiffness is very small. On the contrary, the muscles are in a tight state, and their stiffness will automatically become larger according to the weight grasped. The principle design idea of variable stiffness unit based on the principle of human variable stiffness is shown in Figure 1 . The gravity of the grabbing object is fed back to the fulcrum regulating unit, and the position of the force acting point is adjusted by the fulcrum adjusting unit. In this way, the self-adaptation of element stiffness is realized. The whole feedback process does not require a motor drive. The variable stiffness unit can be divided into two parts, one is the variable stiffness part of the joint, and the other is the adjusting part of the external force action point. The variable stiffness part adopts the lever principle. As shown in Figure 2 , there is F A =F B according to the lever principle. The B point moves between AC. When the ratio of to is different, the deflection angle of the lever will change, and the stiffness of the unit will also change. The external force adjustment module, as shown in Figure 3 , transforms the F 1 into the horizontal displacement of the B point by means of the two-stage four bar mechanism, and the end of the slide block is connected with a spring. Finally, the balance between gravity and spring elasticity is achieved. When the gravity of the weight grasped changes, the position of the B point would be change correspondingly. The stiffness of the unit also changes. Figure 4 (a), it is a part of the variable stiffness model. The synchronous belt is fixed on the vertical column through the bearing. The end of the lever is fixed with a synchronous belt. The end of the torsion spring is fixed to the joint shell at one end and the gear is fixed together. When the lever swings, the torsion spring is deformed to produce resistance. When the slider moves to the leftmost end of the slot, the stiffness of the closing section is the smallest. When the slider moves to the right end of the chute, the slider coincides with point C, and the stiffness of the unit approaches infinity. As shown in Figure  4 (b) , part of the model is adjusted for the external force point. An external force F 1 is applied at the end of the driving rod, and the swing of the driving rod is changed into a slider moving on the guide rail through a two-stage fourbar linkage mechanism. The elasticity of external force F 1 and spring finally reaches the balance of force. The external force F 1 applied to the active rod is also relatively small on the slideway, and the displacement of the slider on the guide rail is also larger when the external force applied to the active rod is larger than the F 1 . 
IV. UNIT STIFFNESS ANALYSIS
As shown in Figure 5 , the mechanism diagram of variable stiffness module [10] , the point O is the center of rotation of the joint. τ is the torque applied to the joint, ϕ is the deflection angle of joint under torque τ, θ 1 is the deflection angle of the torsion spring due to force, θ 2 is the angle at which the lever rotates around the B point. The F 0 is the component of the torsion spring due to the compression force perpendicular to the direction. F' perpendicular to , F perpendicular to , r is the gear radius, R is the distance from the fulcrum to the center of rotation. k 1 is the stiffness of the Torsion spring, O is the center of the rotation of the joint. x 1 is the distance between , and x 2 is the distance between . The torque produced by torsion springs is T=
r is the pitch radius of the synchronous pulley. When F 2 is shifted to N, since point A coincides with point N in the direction of F 2 , F 2 does not need to add a couple to move to point N according to the translation theorem of force.
F 0 is the component of F 2 in the direction of F 0 .
The point B is the fulcrum of leverage and it can be obtained according to the principle of the lever.
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Assuming Δ=x 1 +x 2 and x 1 θ 2 ≈rθ 1 , the following can be obtained:
Because there is F=F' /cos(θ 2 -ϕ) between F and F', the torque exerted on the joint is:
Because of the smaller θ 2 , the stiffness of the whole joint K is as follows: The relationship between the external force F 1 and the displacement of the external force point can be obtained, as shown in Figure 3 . The formula of the joint stiffness change (6) can finally find out the relationship between the external force F 1 and the joint stiffness.
The force analysis of the double-stage four-bar linkage is carried out. 
The k 2 is the stiffness of the Expansion spring, and the Δx is the displacement of the slider.
Put the upper form together: 
V. CONCLUSION
In this paper, a bionic variable stiffness unit based on the elbow joint is designed, which can automatically change the stiffness of the unit according to the gravity of the weight grasped by the claw. This unit needs only one motor to achieve the movement and the change of the stiffness, greatly reducing the size of the unit. Because of the structure of the purely mechanical, the response speed has been greatly improved. The stiffness range of the variable stiffness element is large, and it can change from a very small value to infinity. At the same time, the end of the lever adopts the way of synchronous belt pulley and synchronous belt meshing, which improves the connection performance of the structure. The performance of the unit is greatly improved.
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